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Abstract
Background. The aim of this study was to identify the molecular mechanism of dysregulation of B cell
subpopulations of primary Sjögren's syndrome (pSS) at the transcriptome level.

Methods. We enrolled patients with pSS (n=6) and healthy controls (HC) (n=6) in the discovery cohort
using microarray and pSS (n=14) and HC (n=12) in the validation cohort using quantitative PCR (qPCR).
Peripheral B cells acquired from these subjects were separated by cell sorting into four subsets: CD38-

IgD+ (Bm1), CD38+IgD+ (naïve B cells), CD38highIgD+ (pre-germinal centre B cells) and CD38±IgD- (memory
B cells). We performed differentially expressed genes (DEGs) analysis and weighted gene co-expression
network analysis (WGCNA).

Results. Expression of the long non-coding RNA LINC00487 was signi�cantly upregulated in all B cell
subsets, as was that of HLA and interferon (IFN) signature genes. Moreover, the normalized intensity
value of LINC00487 signi�cantly correlated with the disease activity score of all pSS B cell subsets.
Studies of human B cell lines revealed that the expression of LINC00487 was strongly induced by IFNα.
WGCNA revealed six gene clusters associated with the B cell subpopulation of pSS. Further, SOX4 was
identi�ed as an inter-module hub gene.

Conclusion. Our transcriptome analysis revealed key genes involved in the dysregulation of B cell
subpopulations associated with pSS.

Trial registration: Not required.

Background
Primary Sjögren’s syndrome (pSS) is a systemic autoimmunedisease characterized by exocrine gland
dysfunction, which leads todryness of the eyes and mouth [1]. Upregulation of the interferon(IFN)
pathway [2] and dysregulation of B cells play a critical rolein the pathogenesis of pSS. First, the loss of B
cell tolerance canlead to overproduction of anti-Sjögren’s syndrome-related antigen A(anti-SSA)
autoantibodies. Autoreactive B cells are important inthe development of clinical disease, because serum
autoantibodiesmay precede the onset of dryness. Second, IFN-stimulated genes(ISGs) are upregulated in
B cells in peripheral blood as well as inthe salivary gland lesions of patients with pSS [3,4]. Third,
IFNαpromotes loss of tolerance and development of autoreactive B cells[5]. Genome-wide association
studies identi�ed single nucleotidepolymorphisms of ISGs that are associated with the risk of pSS[6,7].
Further, viral infection, which enhances the IFN pathway,may contribute to the pathogenesis of pSS [8].

Non-coding RNAs, which are emerging as critical regulators ofsignal transduction pathways, may be
involved in the immune system.Non-protein coding microRNAs are involved in the dysregulation in Bcells
[9] and in the upregulation of the IFN pathway in patientswith pSS [10]. Long non-coding RNAs (lncRNAs)
are involved indiverse regulatory functions, including the modulation of chromatinstructure and post-
transcriptional regulation affecting thestability of mRNAs and proteins [11]. Recent evidence
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indicatesthat lncRNAs, which have become the focus of studies on autoimmunediseases, may contribute
to the pathogenesis of pSS throughmultiple signal transduction pathways [12]. For example,differentially
expressed lncRNAs in the labial salivary glands ofpSS patients were identi�ed using microarray analysis
[13]. Whilemulti-omics studies of the whole-blood transcriptome highlight theimportance of cytotoxic CD8
T cells in the pathogenesis of pSS, theB cell subpopulation is associated with clinical traits [14].

Considering that gene expression pattern is tissue-speci�c[15], it is better to focus on the target cell
subpopulation toavoid noise from other cells in transcriptome analysis. However, weare unaware of
studies that focus on the effects of dysregulationof transcriptomes, including lncRNAs, of B cells on
thepathogenesis of pSS. Serum level of B cell activating factor wasassociated with disease activity of
pSS [16-18]. In addition, thedistribution of peripheral B cell subsets is profoundly altered inpatients with
pSS [19]. Staining for IgD/CD38 is helpful forstudying circulating B cell subsets, separating
developmentalstages from naive to memory B cells (Bm1 to Bm5) [20]. Using thisgating strategy, we
previously reported that the proportion ofpre-GC B cells (IgD+/CD38high) was higher inpatients with pSS
compared with healthy controls and associatedwith clinical traits, such as disease activity [19], indicating
theimportance of evaluating the involvement of each B cell subset inthe pathogenesis of pSS.

To determine the role of the B cell subset in the pathogenesisof pSS, we investigated potentially
signi�cant genes according totheir differential levels of expression and connectivity with othergenes.
Thus, the current study consists of two sections:differentially expressed genes (DEGs) analysis and
weighted geneco-expression network analysis (WGCNA). First, we describe theupregulation of the
interferon signalling pathway and thedifferential expression of genes encoding human leukocyte
antigen(HLA) molecules and LINC00487 in B cell subpopulations ofpatients with pSS compared with
healthy controls (HC). Theexpression levels of LINC00487 correlated with the diseaseactivity of pSS and
IFN-signature genes; and LINC00487 wasinduced by IFNα. Second, using WGCNA, we identi�ed genes
ofco-expression networks speci�c to a B cell subset of patients withpSS, suggesting that aberrant
molecular interactions in B cellscontribute to the aetiology of pSS.

Methods
Patients and controls

The study protocol is shown in Figure 1A. We enrolled patientswith pSS (n=6) and HC (n=6) matched for
age and sex (SupplementaryTable 1). The patients with pSS ful�lled the 2002American-European criteria
for SS [21] and the 2012 AmericanCollege of Rheumatology classi�cation criteria for SS [22]. Allpatients
were female and had symptom of dryness, anti-SSAantibodies and biopsy-proven sialadenitis. The
patients had notreceived immunosuppressive therapy, and the HCs did not haveimmunological disorders.
Clinical and serological information ofpatients with pSS were collected from their medical records.
Thedisease activity of pSS was assessed according to the guidelines ofthe European League against
Rheumatism and the Primary Sjögren'ssyndrome disease activity index (ESSDAI) [23, 24]. The
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distributionof ESSDAI domain and clinical information of individual patientswere described in
Supplementary Table 17 and Supplementary Table18.

This study was performed in accordance with relevant guidelinesand regulations. The Ethics Committee
of Keio University School ofMedicine approved this study (IRB No. 20110258), and writteninformed
consent was obtained from each subject before bloodcollection.

Cell sorting

Peripheral blood mononuclear cells from patients with pSS and HCwere separated using gradient
centrifugation with Lymphoprep(Axis-Shield; Oslo, Norway). Gating strategy was shown inSupplementary
Figure 1. Peripheral CD19+ B cells wereprepared with anti-CD19 antibody-coated microbeads
(MiltenyiBiotec). As previously reported [19], the peripheralCD19+ B cells were incubated with anti-IgD and
CD38antibodies for �uorescence-activated cell sorting (FACS) analysis(FACSAria III �ow cytometer, BD
Biosciences). We de�ned subsetsof B cells as follows: Bm1 cells; CD38-IgD+,naïve B cells; CD38+IgD+, pre-
germinal centre(pre-GC) B cells; CD38highIgD+ and memory Bcells; CD38±IgD-.

DEGs analysis

Total RNA was extracted from B cell subsets and transcribed intocDNA using NucleoSpin RNA (Macherey
Nagel) and ReverTra Ace qPCR RTMaster Mix (Toyobo). Gene expression was measured using the
HumanGenome U133 Plus 2.0 Array (Affymetrix). We applied percentileshift normalization to the raw
signal data acquired from amicroarray and annotated each probe with its gene symbol usingGeneSpring
software (Agilent Technologies). Probes withinterquartile ranges in the lowest 20% were excluded. We
nextselected probes with >2.0-changes for pSS vs HC in any one Bcell subset to identify DEGs. We
controlled for the false discoveryrate using the Bonferroni multiple testing-corrected p value<0.05. To
functionally characterize DEGs identi�ed in each Bcell subpopulation from microarray analysis, we
performed pathwayanalysis using Enrichr’s plugin [25] BioPlanet [26]. BioPlanetdatabase incorporates
more than 1500 human pathways sourced frompublicly available, manually curated sources. In pathway
analysis,p-value was adjusted using the Benjamini-Hochberg method forcorrection for multiple
hypotheses testing.

WGCNA

To explore novel gene co-expression networks and common hubgenes, we created another gene set. In
order to select genes thatare steadily expressed in each B cell subpopulation of pSS and HC(totally, 8
subpopulations; Bm1, naïve, pre-GC and memory B cellsof pSS, Bm1, naïve, pre-GC and memory B cells of
HC ),respectively, we removed genes with coe�cients of variationgreater than 0.3 according to each
subpopulation after intensity�ltering and applied them to the WGCNA R package [27] followingthe
package’s tutorial. Brie�y, we applied step-by-stepconstruction of the gene network and identi�cation of
modules to�leted gene expression dataset. First, we chose the propersoft-thresholding power based on
the criterion of approximatescale-free topology. After calculating the adjacencies withselected soft-
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thresholding power, we transformed the adjacency intoTopological Overlap Matrix, and calculate the
correspondingdissimilarity. Then, we used hierarchical clustering to produce ahierarchical clustering tree
of genes. Module identi�cationamounts to the identi�cation of individual branches; we cut thebranches
off the dendrogram with setting minimum module size 30. Asa result, 6 and 5 modules were generated in
B cells of patientswith pSS and HC, respectively. Further, to annotate and estimatethe regulatory
mechanism of co-expressed gene network, weinvestigated pathways, upstream regulators and functions
associatedwith modules by using Ingenuity Pathway Analysis (IPA).

Cell culture and real-time quantitative PCR (qPCR)

B cell lines (Ramos, CCRF, U266B1) (each 1.0 × 105/mL) in RPMI 1640 medium (American Type Culture
Collection)supplemented with 10% fetal calf serum were treated with differentconcentrations of IFNα,
IFNγ and TNFα for 48 h. We next isolatedtotal RNA that was transcribed into cDNAs using NucleoSpin
RNA(Macherey Nagel) and ReverTra Ace qPCR RT Master Mix (Toyobo). qPCRwas performed using
PowerUp SYBR Green Master Mix (Thermo FisherScienti�c). The levels of total cellular RNA were similar
amongthe cell lines. At least two biological repeats were performed foreach experiment. The levels of
GAPDH mRNA were used toadjust the values of target transcripts determined using qPCRanalyses. We
validated gene expression levels in CD19+ Bcells of patients with pSS (n=14) and HC (n=12)
(SupplementaryTable 2) using quantitative PCR (qPCR) analysis. Sequence ofprimers for qPCR analysis
was described in Supplementary Table3.

Statistics

Continuous values are shown as the median and range of values.Differences between the groups were
analysed using the Mann–Whitneytest for continuous variables. Correlations were analysed
usingSpearman’s correlation coe�cient, unless otherwise noted. P<0.05 indicates a signi�cant difference.
Statistical tests wereconducted using R software version 3.5.2.

Results
Identi�cation of gene signatures in B cell subsetsof pSS

First, we visualized the gene expression pro�le after intensity�ltration. Using principal component and
hierarchical clusteringanalyses, we found that clinical status, namely pSS or HC, had lessin�uence on
phenotype than the type of B cell subset (Figure 1Band C). Memory B cells, in particular, had a distinct
expressionpattern compared with those of other cell types.

Expression of LINC00487 correlates with IFN signature genesand disease activity score of pSS

Using validation cohort, we tried to conduct qPCR analysis usingeach B cell subset. However, because
LINC00487 expressedat very low level in HCs, we couldn’t sort enough each B cellsubset from them to
detect expression of LINC00487.Therefore, considering that upregulation of LINC00487 wascommon in
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all B cell subsets in microarray cohort, we used a bulkof CD19+ B cells in validation cohort. As a result,
theexpression of LINC00487 in CD19+ B cells ofpatients with pSS was signi�cantly upregulated
compared with HC (p= 0.035) (Figure 3D). As the same as Figure 3A and B, expression ofLINC00487 was
correlated with IFI44L with lowerp-value in patients with pSS (p < 0.001) (Figure 3E) comparedwith that of
HC (p=0.04) (Figure 3F). To con�rm the induction ofLINC00487 in response to IFNα, we used three types
of Bcell lines and measured LINC00487 expression using qPCR.As with IFI44L, LINC00487 was strongly
induced bytreatment with IFNα (Figure 3E and F), unlike TNFα and IFNγ(Supplementary Figure 3A),
suggesting that IFNα is an upstreamregulator of LINC00487. Compared with clinical features,the
expression of LINC00487 tended to be higher inpatients with higher serum IgG levels and lower
lymphocyte countswhich were characteristic for pSS (Supplementary Figure 3B).

Co-expression gene networks constructed for each B cellsubset

To identify transcriptional networks in the B cells of patientswith pSS, we performed WGCNA. WGCNA
can identify novel geneinteractions which might be missed in the DEGs analysis, becauseWGCNA is
based on correlations of gene expression [25].

After selection, we identi�ed a new set comprising 3634 genes(Supplementary Table 6-7). In principal
component analysis usingthese gene sets, Bm1 and naive B cells in pSS tended to be closerto the
expression patterns of a more highly differentiated subset,respectively, compared to those in HC; i.e., Bm1
to naive and naiveto pre-GC (Figure 4A). WGCNA identi�ed 6 modules in pSS and anassociation between
cell subsets and modules (Figure 4B). Forexample, the yellow and brown modules are associated with
thepre-GC B cell subset, whereas the turquoise module is associatedwith the memory B cell subset. The
grey module of pSS was enrichedin Bm1/naïve B cell subsets with various ranges of eigengenes. Inthe
analysis to detect an association between modules and clinicaltraits, the grey module signi�cantly
correlated with the clinicaldisease activity score (Figure 4C). Similarly, another �ve moduleswere
identi�ed in HC (Supplementary Figure 4A). The module pairswith the greatest number of genes in each
pSS module overlappingwith either HC modules were blue (pSS) – turquoise (HC), brown(pSS) – brown
(HC), grey (pSS) – blue (HC), green (pSS) – turquoise(HC), yellow (pSS) – blue (HC), and turquoise (pSS)
– turquoise(HC), respectively (Supplementary Figure 5). All of the above pairsoverlapped more than half
of the gene list, suggesting that theoverall picture of the B cell modules in pSS and the B cell modulesin
HC were similar.

To extract the characteristics of pSS modules, we performedfunctional analysis using Ingenuity Pathway
Analysis (IPA). Thecluster of enriched pathway, upstream regulator anddisease/biological functions in
modules of pSS were distinguishedfrom those of HC (Figure 5A and Supplementary Tables 8–13). The
top�ve most signi�cantly enriched pathways, regulators anddisease/biological functions in modules of
pSS are shown in Figure5B. In upstream regulator analysis, transcriptional regulators suchas Sry-related
high mobility group box (Sox) family such asSOX4 were identi�ed in the yellow and blue modules ofpSS.
Focusing on speci�city (Supplementary Figure 6 andSupplementary Table 14-16), mir-21-5p was
identi�ed as the topsigni�cant regulator in the yellow module of pSS. To search forhub genes, we
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described a co-expressed gene network using tophighly interconnected genes de�ned by topological
overlap in eachmodule (Figure 5C). Several genes bridged inter-modules, namely hubgenes, such as
SOX4. SOX4 was not identi�ed inthe co-expression network of HC (Supplementary Figure 4B),suggesting
its involvement in the dysregulation of B cells inpSS.

Discussion
In the present study, we conducted transcriptome analysis of Bcell subpopulations. First, we found that
expression ofLINC00487 was upregulated in B cell subsets derived frompatients with pSS. Further,
LINC00487 expressionsigni�cantly correlated with disease activity and was induced byIFNα stimulation.
Second, using WGCNA, we identi�ed several keynetworks and hub genes in the B cells of patients with
pSS.

IFN signalling is a central component of the pathogenesis of pSS[28]. To our knowledge, this is the �rst
study to showupregulation of IFN signalling in B cells of patients with pSSaccording to developmental
subsets. Type 1 IFN signalling plays acrucial role in the development of autoreactive B cells in a
mousemodel of autoimmune disease [5]. Principal component analysis usinggene sets for WGCNA
demonstrated that Bm1/naïve B cells of pSS wereclearly distinguished from those of HC and showed a
trend ofexpression patterns closer to the more highly differentiatedsubset. These results suggest that
molecular dysfunction, such asdisruption of peripheral tolerance, might start at an early stagein the
maturation of B cells. Indeed, the frequencies of naïve Bcells expressing autoreactive antibodies are
signi�cantlyincreased in patients with pSS [29].

Interestingly, expression of the HLA class II gene wasupregulated. GWAS studies of pSS found
associations ofHLA-DQA1 and HLA-DQB1 loci [6,7]. Further, IFNαinduces the expression of HLA-DQA1
[30]. In patients withpSS, HLA-DQA1 and HLA-DQB1alleles are associated with higher concentrations of
anti-SSA andSSB antibodies [31]. These �ndings suggest that aberrantinteractions among IFN signalling
and HLA class II genes maytrigger the breakdown of B cell tolerance, leading to thedevelopment of pSS.

LINC00487 was upregulated in all B cell subsets of pSSand its expression signi�cantly correlated with
the diseaseactivity scores of pSS and ISGs, although ESSDAI score of ourpatients skewed toward the low
end. Moreover, we found that IFNαwas an upstream regulator of LINC00487 in B cells. Thesequence of
LINC00487, which belongs to the class of longintergenic non-coding RNAs and resides on human
chromosome 2, isatypically long (> 40,000 bases). Although LINC00487 isone of the hub genes in the
normal development of human B cells[32], many of its properties, including its function, areunexplained.
Further, there is no ortholog or paralog of this genein species other than humans that may provide clues
to its functionin human cells. However, according to AceView, one of threetranscriptional variants derived
from LINC00487 haspotential to encode a protein in silico prediction [33].

Four genomic locations are considered candidate enhancers ofLINC00487 transcription. The targets of
the regulators ofLINC00487 overlap with those of other ISGs [34]. Moreover,referring to the public
transcriptome database of microarrayanalyses of healthy humans, expression of LINC00487 ishigher
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speci�cally in centroblasts and centrocytes of the germinalcentre [35]. IFNα promotes the autoreactivity
of B cells viagerminal centre pathways [5]. Further, LINC00487expression is upregulated in the subgroup
of diffuse large B-celllymphoma with molecular characteristics of germinal centre B cells,compared with
other subgroups, and is associated with the e�cacyof B cell depletion therapy [36]. Therefore, our study
suggeststhat upregulation of LINC00487 expression in all B cellsubsets may re�ect or regulate the
enrichment of a germinalcentre-like reaction by IFNα from an early stage of B celldevelopment, leading to
B cell autoreactivity in patients withpSS.

Gene co-expression analysis revealed an aberrant network in Bcell subpopulations. The top signi�cant
upstream regulator of thegrey module of pSS, which was associated with clinical diseaseactivity score
and enriched in the early stage of B celldevelopment in pSS, was the gene encoding T-cell acute
lymphocyticleukemia protein 1 (TAL1). B cell development isstringently controlled by stage-speci�c
transcription factors. Thetranscription factor TAL1 regulates genes such as IKAROSfamily zinc �nger 3
(IKZF3), which is one of hub genes inthe grey module of pSS (Figure 5C). IKZF3 is alineage-speci�c
transcription factor that is important in theregulation of B cell proliferation and development [37].

In the pre-GC B cells-associated module of pSS, SOX4was identi�ed as an upstream regulator and a hub
gene. In mice,SOX4 regulates the differentiation of early-stage B cellsby activating the expression of Rag1
and Rag2[38]. Further, SOX4 contributes to the formation ofectopic lymphoid-like structures via promoting
CXCL13, which isligand of CXCR5 on naïve B cells and critical for migration intolight zone of germinal
centre undergoing somatic hypermutation,production fromPD-1hiCXCR5–CD4+ T cells[39]. Additionally, in
proteome analysis, CXCL13 positivelycorrelates with the disease activity score and serum IgG levels
ofpatients with pSS [19]. Further study is needed to explore the roleof SOX4 in mature B cells. 

Further, we identi�ed miR-21 as an upstream regulator of theyellow module of pSS. Although miR-21 is
upregulated in peripheralblood mononuclear cells of pSS [40], the present study is the �rstto propose its
involvement in pSS via B cell dysregulation.Interestingly, miR-21 regulates the immune response of
memory Tcells via induction of transcription networks, such asSOX4 [41], implying that the interaction
between miR-21and SOX4 may also affect function of B cells.

pSS is enormously heterogeneous disease from the molecular pointof view. In WGCNA, despite �ltering
out genes with high variationin each cell subpopulation, module expression showed the strongvariation
among samples in the same group, in particular Bm1 subset(Figure 4B). This �nding suggested that there
were differentregulatory mechanisms within each subgroup, although it wasinformation that couldn’t be
analyzed due to the limited samplesize.

The current study suffers from several limitations. First,patients in our cohort have low disease
activity/severity. Becausethere were few patients with high disease activity beforeimmunosuppressive
treatment, it was di�cult to include suchpatients in this study. Therefore, correlation between
expressionof LINC00487 and disease activity score is needed to bevalidated in other cohort including
patients with high ESSDAIscores. Second, healthy controls were younger than the pSSpatients, and this
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could be a confounding variable. Third, samplesize was limited. To overcome limitation about small
sample size,we validated by qPCR using another cohort, supporting resultsderived from microarray
analysis. However, regarding WGCNA, wecouldn’t include subjects enough to replicate by qPCR.

Conclusions
Our focus on B cell subpopulation using a multi-level approachemploying analysis of DEGs and WGCNA
identi�ed signi�cant genesand networks as novel players in the pathogenesis of pSS. Tocon�rm our
results, further study is needed.
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Figure 1
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Gene expression pro�le of B cell subsets in patients with pSS and HC. (A) Study protocol. (B) Hierarchical
clustering analysis and (C) principal component analysis to summarize the dissimilarity of the
transcriptome of each B cell subset. Rows correspond to genes and columns to samples. The ellipse
shows the 50% con�dence interval of the value of principal component analysis. (D) Dysregulated genes
are shown in the volcano plot. Horizontal green lines show the cut-off of the p-value indicating a
signi�cant difference, and the vertical green lines show a log2-fold change. DEG, differentially expressed
gene; GC-B, germinal centre B cell: HC, healthy control: pSS, primary Sjögren's syndrome; WGCNA,
weighted gene co-expression network analysis.

Figure 2

Gene signatures of B cell subsets of patients with primary Sjögren’s syndrome. (A-D) The top upregulated
�ve genes in Bm1 (A), naïve (B), pre-GC (C), and memory (D) B cell subset of patients with pSS compared
with those of the HC. (E-H) Upregulated pathways in Bm1 (E), naïve (F), pre-GC (G), and memory (H) B cell
subset of patients with pSS compared with those of the HC. GC, germinal centre.
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Figure 3

Characteristics of LINC00487. (A-B) Correlation between LINC00487 and interferon signature genes
(IFI44L, IFIT3, IFI44) of pSS (A) and HC (B) according to subset. Signi�cant p-value was shown in each
plot. ‘*’, p<0.05; Spearman’s correlation test. (C) Scatter plot of disease activity scores and normalized
expression levels of LINC00487 in Bm1, naïve, pre-GC and memory subset of patients with pSS. (D-F)
qPCR analysis of LINC00487 in primary human CD19+ B cells. Comparison of the relative expression of
LINC00487 (/GDH) between patients with pSS and HC (D) (‘*’, p<0.05; the Mann-Whitney test), and
correlation plot of relative expression of the LINC00487 (/GDH) and interferon induced protein 44-like
gene (/GDH) in patients with pSS (E) and HC (F). (G-H) qPCR analysis of B cell lines after treatment with
IFNα. B cell lines were treated for 48 h. Results are represented as the mean ± standard deviation. ESSDAI,
EULAR Sjögren's Syndrome Disease Activity Index: GC-B, germinal centre B cell: GDH, glyceraldehyde 3-
phosphate dehydrogenase; HC, healthy control: IFI44, interferon induced protein 44; IFI44L, interferon
induced protein 44 like; IFIT3, interferon induced protein with tetratricopeptide repeats 3; pSS, primary
Sjögren's syndrome.
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Figure 4

Weighted gene co-expression network analysis of B cell subsets of patients with pSS. (A) Principal
component analysis using the gene set produced generated using WGCNA. The ellipse shows the 50%
con�dence interval of the value of principal component analysis. (B) Module eigengene of each B cell
subset of patients with pSS. The y-axis displays the values of the module eigengene, and the x-axis
displays each cell subset. (C) The heat map shows module-trait associations. Each row corresponds to a
module’s �rst eigengene and columns to a value of trait. Each cell contains the corresponding Spearman’s
correlation coe�cient (p-value) between a value of each trait and a module’s �rst eigengene. CRP, C-
reactive protein: ESSDAI, EULAR Sjögren's Syndrome Disease Activity Index: GC-B, germinal centre B cell:
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Lym, lymphocyte count: SS.A, anti-Sjögren’s syndrome-related antigen A: ME, module eigengene: SS.B,
anti-Sjögren’s syndrome-related antigen B.

Figure 5

Gene network characteristics and hub genes in the gene networks of B cells of pSS. (A) Hierarchical
clustering analysis with heatmap of enriched pathways (left), upstream regulators (middle) and
disease/functions (right). (B) Top �ve signi�cantly enriched canonical pathways (left), upstream
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regulators (middle) and disease & biological functions (right) in the modules of pSS. The colour of each
frame corresponds to module-colour. (C) Associations of intra- and inter-modular hub genes in patients
with pSS. Node-colour corresponds to module-colour. The pink-coded edge represents the correlation, and
the green-coded edge represents an inverse correlation. The width of the edge re�ects the absolute weight
of a correlation.
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